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Low-NOx burner technologies are widely used in coal combustion furnaces in the US to address the 
implementation of Title IV of the 1990 Clean Air Act Amendments regarding NOx emissions. However, 
the concentration of uncombusted coal in the fly ash, generally referred to as fly ash carbon, has also 
increased, corresponding to lower combustion temperature in the low-NOx burners [1, 2].  The work 
presented at the previous 1999, 2000 and 2001 Conferences on Unburned Carbon on Utility Fly Ash 
focused on the utilization of fly ash carbon as precursor for the generation of activated carbon products 
[1-3].  However, the unburned carbon in fly ash has gone through a devolatilization process while in the 
combustor at temperatures above 1200oC.  These temperatures are much higher than those 
conventionally used for devolatization or carbonization of precursors of activated carbons. Therefore, 
the reactivity of fly ash carbons during the activation process is relatively low, as previously reported [2-
3].  Accordingly, during this last year the authors have focused on the development and optimization of 
a pretreatment process prior to steam activation to improve the reactivity of fly ash carbons.  
 

Experimental procedures 
The activation of the fly ash carbons was carried out in an activation furnace that was designed and used 
by the authors to activate carbons from coal-fired power plant ashes [4].  The authors have demonstrated 
that a one-step process, that includes simultaneous carbonization and activation, can be employed 
successfully for these materials [2-4].  This is due to the nature of the unburned carbon, that has already 
gone through a devolatilization step while in the combustor, and therefore, only requires to be activated.  
The identified process is now being optimized to design a superior route for the generation of activated 
carbon materials from carbon in fly ash, that  have similar properties to commercial activated carbons.  
This process involves physical activation with steam of the unburned carbons at temperatures around 
850°C for periods of 1-2 hours.  The fly ash carbon sample investigated (FA1) was firstly pretreated at 
300 to 400oC for 2 to 4 hours, followed by steam activation at 850oC for 1 hour. 
 
Results and discussion 
The fly ash carbon from coal-fired power plants can be used as precursor for the production of activated 
carbons, as demonstrated previously by the authors [3].  As previously reported, the one-step steam 
activation process can effectively convert fly ash carbons with surface areas typically around 40m2/g, 
into activated carbons with surface areas higher than 540m2/g [3].  However, as the activation time 
increases, the developing rate of micropore volume decreases, where micropore volumes are highly 
desired in commercial activated carbons.  Therefore, a pretreatment process has been designed and 
applied to fly ash carbons to improve their reactivity, and therefore, to modify the micropore structure of 



the resultant activated carbon.  In this study, the samples were pretreated for 2 to 4 hours at 300oC to 
400oC prior to 1 hour steam activation at 850oC.  For the purpose of comparison, the sample with no 
pretreatment was also investigated.  As for the samples pretreated at 400oC, the activated carbons 
prepared after pretreatment at 300°C have similar isotherm shapes to that of the sample without 
pretreatment, but they have much larger adsorbed volume, suggesting a similar microporosity structure, 
but a higher surface area and total pore volume.  However, when the pretreatment time is extended to 
more than 3 hours, a broader pore size distribution with larger micropores and some mesopores was 
observed.  Raw unburned carbon materials have low surface area and pore volume, where the sample 
used for this ustudy has a surface area ~115m2/g [5].  The pretreatment increases the surface area of the 
resultant activated carbon up to ~60% (from 538m2/g without pretreatment to 862m2/g with 2 hour 
pretreatment at 400oC) compared to that of the sample without pretreatment.  In addition, the pretreated 
samples have similar average pore size to the sample without pretreatment.  For extended pretreatment 
periods (4 hours for 300oC and 3 hours for 400oC), there is no further increase of the surface area, but 
rather a widening of the existent micropores and an increase of the total pore volumes.  For example, for 
the samples pretreated at 400oC, the extended pretreatment time also decreases the surface area, from 
862m2/g for 2 hr pretreatment to 851m2/g for 3 hr pretreatment.  Therefore, it can be concluded that for 
the lower pretreatment temperature, the optimum pretreatment time is longer than that of the higher 
temperature pretreatment (3 hour for 300oC pretreatment vs. 2 hours for 400oC pretreatment).   
 
Concluding remarks 
Following previous work conducted to develop activated carbon from fly ash carbons by steam 
activation, this paper summarizes a parametric study to optimize a pretreatment process.  All the 
different pretreatment conditions studied promote the porosity of resultant activated carbons, where the 
surface area increases ~11-60%.  Furthermore, with increasing pretreatment temperature, both the 
surface area and pore volume increase for the resultant activated carbon.  The optimum pretreatment 
conditions found during the current reporting period are 400oC and 2 hours, where the resultant activated 
carbon has a surface area of 862m2/g, which is comparable to the values reported for commercial 
activated carbons.  Finally, iodine number tests to assess the most suitable commercial applications of 
the activated fly ash carbons are being conducted at our laboratories, and the results will be reported. 
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